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Abstract: Common raven (Corvus corax; raven) abundance and distribution have increased

in western North America in recent decades, facilitated by anthropogenic subsidies and
other environmental changes. Electrical power transmission line structures provide nesting
substrates for ravens. When these structures transect landscapes where natural nest
substrates are limited, they may facilitate raven predation on eggs and juveniles of sensitive
avian and reptile species. Little information is available regarding raven nest density trends
on adjacent power lines or how raven territorial behavior influences spatial partitioning of
nests, and hence, nest density. This knowledge would be valuable for managers of sensitive
prey species who may be considering if interventions to reduce nesting are warranted. During
2014–2020, we conducted annual, repeated surveys for raven and buteo hawk nests along
272 km of electrical power transmission lines (69–233 kV) and 37 km of electrical distribution
lines (12.5–13.8 kV) within a sagebrush (Artemisia spp.) ecosystem of southeastern Idaho,
USA. Our objectives were to document annual raven nest trends on power lines and investigate
spatial distancing between nests of conspecific ravens and those of ravens and raptors. We
hypothesized that territorial raven pairs would maintain similar minimum distances between
nearest-neighbor conspecific and raptor nests, as was observed in a study in western Idaho.
Across the 7-year study, the number of occupied raven nests remained relatively stable (x̅ =
26.7, SD = 5.3, range = 20–30), and an assessment of past research on our site suggests
this plateau in power line nesting occurred following increases during the past 2 or 3 decades.
Occupied raven nests were never closer than 1,033 m (annual minimum distance ranged
from 1,033–2,054 m), but raven nests and buteo hawk nests were occasionally as close as
200–500 m. Forty-three percent of ravens whose nearest nest was occupied by a ferruginous
hawk (Buteo regalis) or red-tailed hawk (B. jamaicensis) pair were <1 km away. Conspecific
raven nest distances and raven and raptor nest distances differed, suggesting raven breeding
pairs were less tolerant of conspecific pairs than they were of raptor pairs. Our study provides
a method for monitoring raven nesting on power lines in semi-arid regions of western North
America and an additional monitoring strategy to complement the more widely used pointcount surveys to sample breeding and nonbreeding ravens.
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Many plant communities in semi-arid
regions of western North America are dominated by sagebrush (Artemisia spp.). These
ecosystems support a diverse suite of wildlife
(e.g., Wisdom et al. 2005), including several
sagebrush obligates (Baker et al. 1976, Paige
and Ritter 1999) such as greater sage-grouse
(Centrocercus urophasianus; sage-grouse) and
pygmy rabbits (Brachylagus idahoensis). The extent of sagebrush-dominated ecosystems has
been reduced an estimated 45% since pre-EuroAmerican settlement (Miller et al. 2011), and in
many low- to mid-elevation regions, sagebrush
communities are at risk of transitioning into
permanent annual grasslands, maintained by

the self-sustaining combination of shortened
fire-return intervals and cheatgrass (Bromus tectorum) dominance (Miller et al. 2011, Coates et
al. 2016b). A variety of other sources degrade
and fragment sagebrush ecosystems, including improper livestock and wild equid management (Beever and Aldridge 2011, Davies et
al. 2011), a longer climate-induced fire season
(Chambers and Pellant 2008), energy development (Naugle et al. 2011), and urbanization and
the linear features (e.g., power lines, roads) that
connect energy sources to human population
centers (Knick et al. 2011).
Overhead power lines and associated rightsof-way are ubiquitous linear features that frag-
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ment sagebrush steppe and other ecosystems.
In 2009, approximately 100,000 km of electrical transmission lines crisscrossed western
North America, and an additional ~33,600 km
were proposed (Ventyx Energy 2009, Copeland
et al. 2011). About the same time, researchers
estimated power lines ecologically influenced
nearly 50% of the 530,000 km2 of sagebrush
lands within the range of sage-grouse, and an
additional 2% (12,000 km2) would be affected by then-proposed transmission corridors
(Knick et al. 2011).
The reported effects of power lines on wildlife and plant species and communities are often negative, but neutral and positive impacts
have also been documented (Biasotto and
Kindel 2018). For example, power lines negatively affected sage-grouse nest survival and
population growth, and females avoided areas
near power lines during nesting and brooding
seasons (Gibson et al. 2018, Kohl et al. 2019).
Conversely, predatory and scavenging avian
species are associated with and benefit from
power line structures due to advantages offered
by these elevated structures for hunting, nesting, and roosting (Knight and Kawashima 1993,
Steenhof et al. 1993, Coates et al. 2014a).
The common raven (Corvus corax; raven) is
native to western North American and has benefited from the presence of electric power transmission lines and other anthropogenic subsidies
in sagebrush ecosystems (Coates et al. 2014b,
O’Neil et al. 2018, Coates et al. 2020). Transmission lines, in particular, have contributed to increased raven density in shrublands by providing substrates for nesting and roosting where
such were limited historically (Engel et al. 1992,
Knight and Kawashima 1993, Lammers and Collopy 2007, Restani and Lueck 2020).
Steenhof et al. (1993) and Gibson et al. (2018)
documented rapid colonization of new transmission lines by ravens in sagebrush ecosystems, sometimes with apparently no reduction
in nearby raven nest densities. The combined
effects of these and other anthropogenic subsidies, and a probable reduction in raven mortality following a 1972 U.S. federal government ban
on coyote (Canis latrans) toxicant bait stations
(Dunlap 1986, Conover and Roberts 2017), have
likely contributed to the high raven densities observed across the Great Basin sagebrush ecosystem in recent decades (Coates et al. 2020). The
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U.S. Geological Survey’s (USGS) North America
Breeding Bird Survey (BBS) data show continent-wide raven observations increased 2.1%
annually from 1966 to 2015 (n = 2,706 routes)—
a rate >95.7% (n = 222) of passerine species that
had at least 50 BBS routes included in that analysis (range = 50–4,446 routes; Sauer et al. 2017).
A more geographically nuanced analysis using
BBS data found that from 1966 to 2018, ravens
in the North American deserts ecoregion experienced 3.9% mean annual rate of growth, the
third highest among 15 North American ecoregions (Harju et al. 2021). This long-term increase
in abundance is cause for concern for wildlife
and land managers, especially in western North
America, because the raven has been implicated in reduced reproductive success of multiple
threatened and endangered species including
the desert tortoise (Gopherus agassizii; Nagy et al.
2015, Holcomb et al. 2021), sage-grouse (Dinkins
et al. 2016, Coates et al. 2020), marbled murrelet
(Brachyramphus marmoratus; Peery et al. 2004),
California least tern (Sterna antillarum; Knittle
1992, Liebezeit and George 2002), and western
snowy plover (Charadrius nivosus; Ellis et al.
2015, 2020; Lau et al. 2021).
Recent studies provide compelling evidence
that when raven densities are high, breeding
success and juvenile recruitment of sensitive
wildlife species are impacted (Gibson et al.
2018, Coates et al. 2020, Holcomb et al. 2021).
It is unclear if impacts differ by raven breeding status (breeders vs. nonbreeders), but during the breeding season, raven pairs within defended territories may exert high per-capita impacts on sensitive species in localized areas due
to restricted movements around nests (Harju et
al. 2018), high energetic costs associated with
reproduction (Brussee and Coates 2018), and
their food caching habits (Howe and Coates
2015, Hendricks and Hendricks 2017). In some
sagebrush landscapes peripheral to urban areas, raven pairs may disproportionately use
transmission lines for nesting relative to other
anthropogenic and natural substrates (Howe
et al. 2014). Thus, actions to reduce raven occupancy along transmission corridors may provide high-leverage opportunities for reducing
raven predation risk to sensitive species. The
degree to which benefits for such actions outweigh costs depends in part on nest density,
which is affected by territory defense and sub-
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Figure 1. Map of the study site, encompassing the Idaho National
Laboratory site, southeast Idaho, USA, showing electric power transmission lines surveyed from 2014–2020 for common raven (Corvus corax)
and buteo hawk nests. Power lines marked as “discontinued” were not
surveyed in all years.

sequent spatial partitioning of raven pairs relative to conspecific raven and raptor pairs.
Many studies have documented spatial distances between nesting ravens generally (see
references in Dunk et al. 1994), but little is
known about spatial distancing between occupied raven nests on power lines or how the
presence of raptor nests on these linear features
influences raven nest site use. We are aware
of only 2 studies where raven nest density on
unmanipulated power lines (i.e., without nest
deterrents) has been reported in shrublands of
western North America (Steenhof et al. 1993,
Howe et al. 2014). Steenhof et al. (1993) reported distances between occupied raven nests. In
that study, raven pairs nested as close as 300
m, and some ravens nested within 350 m and
100 m of occupied red-tailed hawk (Buteo jamaicensis) and ferruginous hawk (B. regalis) nests,
respectively. Gathering more evidence on the
tolerance of raven pairs to conspecifics and rap-

tors on power lines would aid managers trying
to project nest density growth and decide if interventions to reduce nesting are warranted.
We searched power lines for raven nests over 7
years in a predominately sagebrush-dominated
landscape in southeastern Idaho, USA. We hypothesized that territorial breeding raven pairs
would exhibit the same tolerance for conspecific nesters as nesting raptors. Specifically, we
predicted minimum distances between nearestneighbor raven nests and raven-to-raptor nests
would be approximately 500 m or less, as has
been reported elsewhere (Steenhof et al. 1993).
We also extended the findings of Howe et al.
(2014) by counting the number of occupied raven and raptor nests on power lines each year.

Study area

The study was conducted on the Idaho National Laboratory (INL) site (Central Facilities
Area located at 12N 4821510N 342839E) in the
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Figure 2. Examples of electric power line transmission structures on the Idaho National Laboratory site, southeastern Idaho, USA, used by the
common raven (Corvus corax) for nesting from
2014–2020. The top 2 photos (A, B) are common
transmission line structures. Photo C is an end
pole on a distribution line. The latter is uncommon
but represents the style of distribution line structure most likely to hold a nest.
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Snake River Plain of southeast Idaho (Figure
1). The INL site is owned by the U.S. Department of Energy (DOE) and is used to support
its missions in nuclear and energy research, science, and national defense. Due to security constraints, only authorized personnel may access
most of the 2,300 km2 within INL site boundaries. Public highways and utility lines transect
the INL site, and livestock grazing is allowed
on approximately 57% of the INL site (Howe et
al. 2014).
A variety of infrastructure supports DOE
missions including roads, electrical power
transmission and distribution lines, communication and meteorological towers, and industrialized campuses or outposts known collectively
as facilities. Twelve facilities contain infrastructure that could be used potentially as raven nest
substrates, and the spatial extent of these ranges
from approximately 1.5–220 ha. Facilities contain some or all the following: roads, buildings,
power lines, substations, effluent stacks, communication towers, ornamental trees, garbage
bins, landfills, and sewage lagoons. Twelve individual or clusters of towers capable of supporting raven nests occur outside of facilities,
and 3 of these are near or just outside (within
450 m) the INL site boundary.
Transmission and distribution lines are
supported by wooden poles and were distinguished in this study by nominal operating
voltage and number of vertical poles supporting each structure. The term “structure” refers
to the combined pole, crossarms, and attached
power equipment. Approximately 272 km of
transmission lines are present on the INL site,
with voltage ranging from 69–233 kV. Structures are usually spaced 200 m apart, although
distances range from 60–275 m. Each transmission structure consists of 2 poles, and most are
connected by 10-m-long parallel wooden crossarms attached 13–18 m above the ground (Figure 2). In addition to horizontal crossarms, some
structures have slanted parallel wooden beams
that attach to the middle of the crossarms and
angle down past the vertical poles, forming an
acute angle between pole and beams. Width of
crossarms from outside edges of the horizontal
beams is approximately 35 cm. In recent years,
pre-fabricated metal crossarms have been used
to replace worn wooden crossarms. These attach to only 1 side of the vertical poles and are
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too narrow to support a nest. Replacements
were haphazardly distributed throughout the
study area and represent a small proportion of
transmission structures. No other types of nest
deterrents existed on transmission structures.
Voltage of surveyed distribution lines ranged
from 12.5–13.8 kV, and lines were supported
by single-pole structures. Most structures on
straight runs were comprised of a single, narrow
crossarm, and corner and dead-end poles often
had 1 or 2 sets of double crossarms (Figure 2).
Some distribution line poles had no crossarms,
and some held transformers and other electrical
equipment that could support a nest. Approximately 86 km of distribution lines occurred on
the INL site outside of facilities and substations.
During our study, power management crews
occasionally installed pre-fabricated nest deterrents on several (< 8) distribution line poles
where raven or raptor nests caused safety concerns. These deterrents were placed on double
crossarm distribution poles, and we never documented a nest on any pole after it was modified. Nearly all modified poles are along a 5-km
stretch in the central part of the study area.
These deterrents have successfully discouraged
nesting by all species, and in recent years few
nests were encountered along this stretch. Although nesting ravens and raptors appeared
to have been mostly excluded from this small
area, we do not believe deterrents impacted the
total number of raven nests observed on the
study site due to the limited area affected and
close proximity of transmission lines.
The ecosystem on the study site was sagebrush-steppe consisting of vegetation communities dominated by an overstory of big sagebrush
(A. tridentata) and other shrubs and an understory of native and introduced grasses and forbs
(Anderson et al. 1996). Wildfire is the primary
cause of large-scale disturbance, and sagebrush
lost during a fire may not return to dominance
for several decades due to low annual precipitation (206 mm per year). Approximately 43% of
the study area had burned 1 or more times between 1994 and 2020, and most recovering areas
had little or no sagebrush cover. Utah juniper
(Juniperus osteosperma) was the only extant native tree on the study site outside facility extents.
These trees occurred in woodlands encompassing 23.6 km2 along the northwest and southeast
corners of the INL site (Shive et al. 2019) and
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occasionally in small clusters or alone. Topography, climate, and vegetative classes of the INL
site have been described in detail elsewhere (Anderson et al. 1996, Howe et al. 2014, Shive et al.
2019).

Methods

Each spring for 7 years (2014–2020), we
searched for and documented raven and raptor nests along all electrical transmission power
lines (272 km) and 37 km of distribution power
lines on the INL site (Figure 1). In 2014 and
2015, we also searched an additional 49 km of
distribution lines (86 km total), but those distances were reduced to 41 km in 2017 and 37
km for the remainder of the study because it
became increasingly obvious that the excluded
line segments were unlikely to support raven
nests (e.g., many were comprised of single poles
without crossarms, and no nests were detected
along those segments). Thus, when calculating
density of nests each year, we summed 272 km
and 37 km to obtain a denominator of 309 km.
We also searched for nests on most other infrastructure on the INL site (i.e., towers, nuclear
facility campuses and associated ornamental
trees, and raptor nest platforms), but we restricted analyses for this study to power lines
for ease of interpretation and application to other sites. One exception is we included 2 wooden
platforms near the northernmost transmission
line (Figure 1), which were built to encourage
raptor nesting. Both platforms were 2–3 m high
and supported by a single pole. One was 80 m
from a transmission line, and the other was 2.5
km from the nearest line. Although only ferruginous hawks nested on these platforms, we included those occupied nests in the analysis due
to their proximity to the power line and the assumption that the influence of a raptor nest on
the platform would likely influence nest placement on nearby power line structures.
We completed the surveys during April and
May, with annual starting dates ranging from
March 31 to April 3 and end dates ranging from
May 19 to June 5 (2014 was the only year the end
date was earlier than May 31). From the beginning of the season until the first few days of May,
surveys commenced approximately 2 hours after sunrise following unrelated field work and
typically concluded by early afternoon. After
May 10, start and end times were variable, with
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observers beginning raven nest surveys as early
as sunrise and ending sometimes in late afternoon. Inclement weather did not restrict survey
activity if roads were passable, as we assumed
birds would display nest-tending behaviors regardless of weather conditions.
All observers were trained using written procedures and field practice prior to data collection. Power lines were searched by eye with the
aid of binoculars, usually as an observer drove
slowly along utility access 2-track roads running
alongside the power line. Occasionally, observers drove paved roads paralleling a short section
of power line that was 100–400 m away. In these
instances, observers stopped frequently to scan
power line structures for nests using binoculars.
When an open-topped stick nest was spotted, the
observer identified the associated corvid or raptor species, if present, and determined if the nest
met our criteria for being occupied (see below).
The raven, Swainson’s hawk (B. swainsoni), ferruginous hawk, and red-tailed hawk build stick
nests on power line structures on the INL site.
We determined nests to be occupied if 1 or
more of a breeding pair were observed incubating (i.e., sitting in the nest bowl), perched on the
nest or on the structure supporting the nest, carrying nesting materials to or building the nest, or
engaging in other behavior that suggested they
were tending or defending the nest. We used the
presence of eggs or chicks to also confirm a nest
was occupied. A single observation of any of
these behaviors or reproductive outcomes was
sufficient for a nest to be considered occupied;
however, at the end of the season, any occupied
nest classified as such due to a single observation of a raven or raptor perched on a structure
(but not on the nest) had its status reclassified as
unknown.
We surveyed all power line sections 4 times
per season—twice in April and twice in May.
Each full survey of power lines required 1–2
weeks to complete, and no power line sections
were resurveyed at intervals <14 days. After
each complete survey of power lines, we revisited most nests with unconfirmed activity status
before the next survey commenced, seeking to
verify the status of the nest. As a result of this
extra effort, nests that remained unconfirmed
through the end of the survey period were visited up to twice as often as nests with confirmed
activity. High winds remove nearly all nests be-
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tween breeding seasons, so most unconfirmed
nests were likely recently built and subsequently
abandoned before an observer was able to view
nest occupants. Due to the frequency of visits
made to unconfirmed nests, we are confident
these nests, if occupied briefly during the survey
period, were not maintained long enough for
a clutch to be laid and incubated for long. Still,
because of imperfect detection, our results likely
underestimate true nest occupancy as defined
by our criteria.
Throughout the 2-month survey period, strong
winds occasionally dislodged occupied nests,
causing them to fall to the ground. Given our nest
classification criteria and inability to distinguish
individual birds, if a mated raven pair lost 1 or
more nests and subsequently rebuilt on a different structure during the survey period, we likely
would have recorded 2 occupied nests. This artifact of our sampling scheme could have potentially inflated annual nest totals and introduced
sampling error dependent on variable wind
conditions. To minimize this error, we annually
removed from the data set raven nests deemed
likely to represent renest attempts. To identify
these, we examined each nest initially characterized as occupied that would later in the nesting
season fall to the ground (i.e., nest failure). For
each documented nest failure, we noted the
period during which we collected evidence of
nest occupancy and assumed the nest may have
fallen at any time following the last recorded observation of occupancy. We then examined dates
during which activity was recorded at all other
occupied raven nests within a 2.8-km radius
(i.e., the median distance between nearest raven
nests across all years). If nest activity within this
radius was initially observed following the last
recorded activity of the failed nest, we assumed
occupants of the failed nest renested at the latter location. If a series of nests fit these criteria
(e.g., 3 occupied nests were observed then subsequently failed in series), we concluded that a
single raven pair rebuilt and occupied all nests.
Because our aim was to evaluate raven nest
abundance over time, we did not consider renest
attempts by raptors.

Data analysis
To test if distances from raven nests to their
nearest neighbors (raven or raptor) differed by
species, we first identified nests that were con-
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Figure 3. Annual counts of occupied common raven (Corvus corax) nests on electric power transmission
lines from 2014–2020 on the Idaho National Laboratory Site, southeastern Idaho, USA.

currently occupied, and then we estimated the
distance from each raven nest to the nearest concurrently occupied power line nest. Concurrent
nesting was established by identifying the first
and last dates for each nest when activity was
recorded and assuming each nest was occupied
during the intervening period (occupation period). We also considered 2 nests concurrently occupied if occupation periods did not overlap but
were separated by only 1 day, if incubation was
recorded at the end of the early activity period
and at the beginning of the late activity period.
Using the measuring tool in ArcGIS Explorer
at a scale of 1:2,000, we manually calculated linear distances between the recorded location of
each raven nest and that of nearby raven or raptor nests with overlapping occupation periods.
We excluded nests from the analysis if the nearest concurrently occupied raven or raptor nest
was on any structure other than a power line
or raptor platform (recall that all infrastructure
on the INL site were surveyed, but the current
analysis only included nests on power lines).
We also excluded nests that were closer to the
INL site boundary than to another occupied
nest on the INL site because we could not verify
if other nests off the INL site were closer. Only
1 nearest-nest distance was included in the final dataset for each raven nest (i.e., if a raptor

nest was closer than a conspecific raven nest, no
raven-to-raven nest distance was included). If 2
raven nests were reciprocal nearest neighbors,
the distance between nests was included in the
final dataset only once to avoid pseudo-replication. When renesting was assumed, we only
calculated distances from the first nest and we
excluded renest sites from all other analyses.
If 1 species nested earlier than another, nest
placement by the early nesting species could
have influenced nest site selection of the latter. Therefore, we tested whether the 4 raven
and raptor species that nest on power lines
initiated nests at the same time of year. In our
dataset, the response variable (Julian day) was
not normally distributed; therefore, we used a
Kruskal-Wallis test to determine if differences
existed in nest initiation dates by species and a
post-hoc Dunn test for multiple pairwise comparisons to identify nesting date differences
among species. After identifying species with
mean observed nest initiation dates that did not
differ from other species, we applied a KruskalWallis test to determine if mean distance from
raven nests to their nearest-neighbor nests differed by species. Again, this test was used because the response variable (i.e., distance) was
not normally distributed. Following the test, we
used a post-hoc Dunn test for multiple pairwise
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Table 1. Distances (m) from 108 common raven (Corvus corax; raven) nests located on power lines
on the Idaho National Laboratory site, southeast Idaho, USA, to nearest-neighbor power line nests,
by species, 2014–2020.
Species

Mean (m)

SD

Minimum (m)

Common raven

Count
71

2,842

1,257

1,033

Ferruginous hawk (Buteo regalis)

16

1,944

1,215

508

Red-tailed hawk (B. jamaicensis)

21

1,247

702

197

Total

108

comparisons to identify differences in mean
distance from raven nests to their nearestneighbor nests. We removed outliers that were
>2 standard deviations greater than the mean,
as those likely represented nests isolated by
habitat or terrain features rather than competition from a nearby nesting pair.

Results

During the 7-year study, we identified 187 occupied raven nests (x̅ = 26.7 [0.09 nests per km],
SD = 5.1; range 20–33) and 56 occupied raptor
nests (x̅ = 8.0 [0.03 nests per km], SD = 5.3; range
0–15) on power lines. Five raven nests (3%) were
on distribution power line structures and the
rest (97%) were on transmission structures. The
annual raven nest count initially increased from
23 (0.07 nests per km) to 33 nests (0.11 nests per
km), or 43%, between 2014 and 2016 (Figure 3).
During the final 4 years of the study, the raven
nest count decreased to a level similar to 2014.
We did not include 16 nests, assumed to be renest attempts after a nearby nest fell to the ground
prematurely, in the total raven nest count. Nine
(56%) of these renest sites were within 1,033 m of
the putative first nest site, which was the minimum distance recorded between any 2 concurrently occupied raven nests during the study
(Table 1). Seven of the renest sites (44%) were
1 or 2 power line structures (200–400 m) away
from the first nest. We confirmed 0–6 renest sites
annually, and in only 1 instance was >1 renest
site confirmed (i.e., 3 nests met the criteria of being built by the same breeding pair in 1 year).
The median Julian date when we first observed nesting activity was day 107 for ravens
(n = 190, x̅ = 110, SD = 13.5) and ferruginous
hawks (n = 10, x̅ = 107, SD = 11.1), day 110 for
red-tailed hawks (n = 30, x̅ = 114, SD = 16.0), and
day 135 for Swainson’s hawks (n = 16, x̅ = 135,
SD = 10.5; Figure 4). Results from the Kruskal-

Wallis test indicated a difference existed in nest
initiation dates by species (ꭓ2 3 = 32.4, P < 0.001),
and a post-hoc test confirmed Swainson’s hawks
initiated nesting later than ravens (P < 0.001),
ferruginous hawks (P < 0.001), and red-tailed
hawks (P < 0.001). No difference existed in nest
initiation dates between ravens and ferruginous
hawks (P = 0.51), ravens and red-tailed hawks (P
= 0.24), and ferruginous hawks and red-tailed
hawks (P = 0.25). Because Swainson’s hawks
nested nearly 1 month later than ravens, we excluded Swainson’s hawk nests (n = 9) that were
the nearest neighbors to ravens from subsequent
analysis, as many ravens would have made a
nest placement decision in the absence of Swainson’s nests. However, we could not be certain
that early nesting Swainson’s hawk nests did
not influence late-nesting raven nest placement;
therefore, we also excluded from the subsequent
analysis raven nests that were occupied concurrently with Swainson’s hawk nests (n = 9).
Of 187 occupied raven nests documented, 108
met our criteria for calculating nearest-nest distances between the raven nest and a conspecific
or raptor nest. We found a significant difference
among mean distance to nests by species (ꭓ2 2 =
31.1, P < 0.001; Table 1), and a post-hoc multiple
pairwise-comparison test identified that ravens
nested farther from conspecifics (n = 71) than
from ferruginous (n = 16; P = 0.02) and red-tailed
hawks (n = 21; P < 0.001; Figure 5). The closest
distance between any 2 raven nests across all
years was 1,033 m—more than twice the distance
between ravens and ferruginous hawks and 5
times the distance between ravens and red-tailed
hawks (Table 1). The annual minimum distance
between raven nests ranged from 1,033–2,054
m. Five of the 16 nearest-neighbor ferruginous
hawk nests were <1 km from the corresponding
raven nest, and 11 of 21 (52%) of nearest-neighbor red-tailed hawk nests were within 1 km.
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Figure 4. Date of first observation of nesting activity, by species, on electric
power transmission lines on the Idaho National Laboratory site, southeastern
Idaho, USA, 2014–2020.

Figure 5. Distances measured from each examined common raven
(Corvus corax) nest to its nearest-neighbor nest occupied by buteo hawks
or conspecifics on the Idaho National Laboratory site, southeastern Idaho,
USA, 2014–2020. All nests were on power line structures. Only outliers
(black dots) within 2.5 SD are shown.

Discussion

Although the number of occupied raven
nests on power lines increased during the first
years of the study, a subsequent decrease to approximately the same level as at the beginning
strongly suggests nest occupancy on power
lines was stable at this site. In isolation, this
result appears to differ from that of a similar
study that documented an increase in raven occupancy on power lines over a comparable time
period in southwestern Idaho (Steenhof et al.
1993). In that study, researchers observed annual increases during the 1980s of occupied raven nests on a newly constructed 500-kV trans-

mission line. One nest was observed the first
year the line was completed, and by the seventh
year, 81 raven nests were occupied. After initial
colonization, raven nest occupancy plateaued,
fluctuating from 80–81 nests during the final 3
years of the study (Steenhof et al. 1993).
Our results differed from the reported colonization process documented in the 1980s, but an
amalgamation of research findings on the INL
site across multiple decades suggests a similar
pattern of increasing raven occupancy followed
by stabilization of annual nest numbers. In the
1970s, unoccupied stick nests on natural substrates were cited as evidence that buteo and
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golden eagle (Aquila chrysaetos) breeding populations had declined on what is now the INL
site (Craig 1979), implying the researcher did
not consider the raven as a potential nest occupant. By 1986, the raven was listed as an uncommon breeder and year-round resident on
the INL site (Reynolds et al. 1986). From 2007 to
2009, Howe et al. (2014) surveyed all potential
nesting substrates (natural and anthropogenic)
on the INL site and documented an average of
14 raven nests per year on transmission structures—nearly half the mean of 26.4 nests per
year recorded on transmission structures during our study. Thus, the nest occupancy plateau we documented apparently was achieved
many years, or even decades, after ravens began colonizing power lines. In this way, results
from our study are not comparable to those of
Steenhof et al. (1993) because in that study raven nest occupancy occurred on new transmission lines whereas our observations were made
on well-established power lines.
It is possible our criteria for nest occupancy
were less stringent than those used by Howe
et al. (2014), as they reported nests were considered active when nest defense coupled with
apparent incubation or food deliveries were observed. Even if our criteria allowed more nests
to be classified occupied, it would not have
changed the relative nest count we observed
from year to year. We recognize that our study
site is different from many sagebrush landscapes in that public access is restricted, but
it is similar to many areas because it contains
transmission lines, a mosaic of burned and unburned areas, paved highways, livestock grazing, and it is adjacent to agricultural lands. We
therefore believe our results are broadly applicable across similar habitat types in western
North America.
We predicted minimum distances between
raven nests and conspecific or raptor nests
would be ≤500 m for all species, as reported
on transmission lines in southwestern Idaho
(Steenhof et al. 1993), but we found ravens
exhibited greater tolerance for nearby nesting
raptors than they did for conspecifics. Indeed,
in 43% of all cases where occupied red-tailed
or ferruginous hawk nests were nearest to occupied raven nests, the raptor nest was closer
than 1,033 m—the minimum distance recorded
between conspecific raven nests during the en-
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tire study period. Thus, ravens showed more
tolerance for nearby raptor pairs than for conspecific pairs.
Results from other studies are equivocal regarding the degree to which raven pairs tolerate conspecifics and the mechanisms that might
drive such behavior. In northwestern Nevada,
a pair of occupied raven nests on power poles
along a highway were separated by only 640 m
(White and Tanner-White 1988). At a relatively
high-elevation (1,970 m) semi-arid environment
in western Wyoming, USA, raven nesting pairs
were less aggressive to conspecific nesters than
to nesting raptors, and neighboring raven pairs
often cooperated in nest defense and feeding
fledged young (Craighead and Mindell 1981).
In contrast, a recent observation of ravens
consuming conspecific nestlings (Atkinson et al.
2020) provides a mechanism, if such behavior is
common, that would explain the relative intolerance displayed by conspecific breeders we observed. One hypothesis to explain these different
responses is that younger ravens pairs are more
tolerant and cooperative compared to older age
classes (P. S. Coates, U.S. Geological Survey,
personal communication; White and TannerWhite 1988). Additional research is warranted to
understand the variation in tolerance responses
among nesting conspecific ravens and raptors
and the mechanisms responsible for such.
Given the territorial nature of breeding raven pairs (Marzluff and Heinrich 1991), nest
proximity on power lines on our study site was
probably limited by intraspecific competition,
which was likely a function of habitat quality
or other underlying environmental features, as
has been shown for other avian species (Wiens
et al. 1985). Although it was beyond the scope
of our project to test variables associated with
nest site selection, we noted that some stretches
of transmission lines consistently had higher
raven nest densities throughout the study,
whereas other stretches, particularly in the
northern part of the site, only contained 1 or 2
raven nests each year along a 25-km stretch.
In addition to the influence of intraspecific
competition, it is possible that power line structure configuration influenced nest density.
This may well have been the case on distribution lines because ravens only nested on poles
containing double crossarms or attached power
equipment. These suitable structures were rare
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compared to single crossarm poles, and thus
may have influenced nest density in the few
areas where they occurred. However, because
we only observed 5 raven nests on distribution
lines, the effect of selection for specific pole
types on our results would have been minimal. Structure configuration differences existed
as well on transmission lines (Figure 2), but
we did not test for selection relative to structure configuration. Anecdotally, the section
described above where only 1 or 2 raven nests
were typically found along a 25-km stretch contained the same types of structures as further
south along that transmission line where some
of the highest raven nest densities were consistently observed. Further analyses are required
to determine if power line structure configuration influences nest density.
The only other long-term study (>4 years) of
raven nest densities on transmission lines was
by Steenhof et al. (1993). Like us, the authors of
that study observed non-uniform distribution
of nests of all species along transmission lines;
however, the authors did not report densities for
the different transmission line stretches for ravens specifically. Past research has found that ravens in human-modified sagebrush ecosystems
select areas where vegetative communities meet,
especially between big sagebrush and vegetation
associated with human disturbance and wildfire
(Howe et al. 2014). Nest site selection has also
been associated with agriculture (Coates et al.
2014b), roads (Steenhof et al. 1993), presence of
prey species (Bui et al. 2010), and availability of
other food items (Newton et al. 1982).
For 9 raven nests, a Swainson’s hawk pair occupied the nearest nest, but distances between
these raven and Swainson’s hawk nests were excluded from analysis because of the late nesting
period of Swainson’s hawks. In 8 of 9 instances
(89%), nesting activity was observed earlier in
the season at the raven nest than at the Swainson’s hawk nest, or if the first observed nesting
activity occurred during the same survey for
both species, the raven was at a more advanced
stage (e.g., incubation vs. nest building). Thus,
most raven pairs we observed nesting near a
Swainson’s hawk nest had already built nests
and sometimes had laid a clutch before the
Swainson’s hawk pair began nesting. We speculate, therefore, that distances between raven
nests and Swainson’s hawk nests were primarily
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a function of site selection by hawks rather than
of ravens choosing to nest near occupied hawk
nests. Although the date upon which the first
observation of an occupied nest was not different between ravens and the other buteo species,
we cannot rule out that order of nest initiation
played a role in site selection between these nests
as well. Our data cannot address this question,
as it is outside the scope of our project. Regardless of uncertainty on this point, results demonstrate that occupied raven nests persisted nearer
to red-tailed hawks and ferruginous hawks than
to conspecifics.
Having evidence that raven occupancy is no
longer increasing on the substrate that supports
the most nests on the INL site (Howe et al. 2014)
is important for local resource managers who
must make decisions about the costs and benefits of implementing conservation measures
to deter raven nesting for the benefit of sagegrouse. We recognize, however, that changes
in ecological habitat quality and availability of
anthropogenic structures could affect the trajectory of future raven occupancy. Furthermore,
our results do not address the non-breeding
raven population, and it is possible that density of nonbreeders continues to increase even
while the breeding population remains stable.
It would be informative to continue raven nest
surveys while simultaneously performing random point-count surveys across the INL site
to learn if the 2 measures are coupled and to
evaluate how raven nest densities correlate
with population density and the recently identified ecological threshold for impacts to nesting sage-grouse (Coates et al. 2020).
We recognize that nest site selection and spatial distancing on power lines may have been
influenced by raven or buteo pairs occupying
nests on other infrastructure and natural substrates within the study area, but we believe
these influences would not have been sufficient
to change the primary results and conclusions
of our study for 3 reasons. First, nests on power lines likely represent a large proportion of
raven nests on the INL site (Howe et al. 2014),
and many stretches are relatively distant from
other infrastructure. Second, although most
monitored facilities have a multitude of potential nest sites, rarely does >1 raven pair nest at
a facility, and never have 2 occupied nests been
found within 1 km of each other (Shurtliff et al.
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2020). These results are consistent with the findings about spatial partitioning of nests on power
lines we report here, suggesting the same territorial dynamics we observed occur on nonlinear
substrates. Third, of all natural substrates used
for nesting (e.g., juniper trees, narrow-leaf cottonwood trees [Populus angustifolia], lava-tube
caves, and cliffs [Coates et al. 2014b]), juniper
trees are the most abundant natural substrate
near power lines; however, only 7 juniper nest
sites identified during a study from 2007–2009
(Howe et al. 2014) were within 1 km of any power line nest occupied during our study. Thus, it is
unlikely an unobserved raven nest on a natural
substrate was ever within 1 km of an occupied
nest on a power line.
This study was designed for the primary
purpose of monitoring the number of raven
nests on power lines so the DOE could make
informed decisions about the potential threat
of raven predation on sage-grouse. As such,
we did not collect data on habitat conditions or
other factors that would allow us to explore the
possible mechanisms affecting density or spatial partitioning of raven nests on the INL site.
Instead, this study contributes important information that we hope will spawn such future
work. Specifically, the study provides compelling evidence that ravens can successfully exclude conspecific breeders from nesting out to
at least 1 km in an environment where most potential nest sites are distributed linearly. It also
demonstrates that ravens view conspecifics as
greater threats to nest success than raptors in
this environment. Although we did not statistically test the trend of raven nest abundance
over time, results across 7 years strongly suggest raven nest density has plateaued on the
study site, which is important information for
managers working to prioritize conservation
actions for sensitive species.
Coates et al. (2020) speculated that monitoring raven population trends will become
“imperative” in the future to guide resource
managers aiming to protect sensitive species
vulnerable to raven predation. Common methods for monitoring raven populations include
point-count surveys along fixed routes (Lammers and Collopy 2007, Gibson et al. 2018),
along a variable radius (Holcomb et al. 2021), or
at random locations (Bui et al. 2010, Dinkins et
al. 2014, Coates et al. 2016a, Dinkins et al. 2016).
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Management implications

Our assessment of raven nest occupancy provides an additional tool for monitoring raven
populations that could be coupled with other
survey techniques to produce a more comprehensive monitoring plan that includes the
reproductive aspect of raven ecology. One advantage of a nest monitoring program is that it
would simultaneously produce information on
nesting trends and identify possible locations
for implementing nonlethal control measures
such as nest deterrents. Pre-treatment monitoring would identify areas where relatively highdensity nesting occurs or substrates that are
regularly occupied, and managers could target
those areas or sites for population control. Once
nest deterrents are installed, managers would be
well-positioned to monitor the effectiveness of
deterrents by comparing pre- and post-installation counts.
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